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U.S. Oil Reserves and Peak Oil
Abstract
We use calculus methods to estimate the quantity of U.S. oil reserves. We consider a model that consists
of an exponential function with four unknown constants. We fit real oil production data to determine the
unknown constants. With the constants determined we use the function to find the year in which the U.S.
oil production reached its peak. We also estimate the amount of petroleum produced until the end of
2006, and the undiscovered oil reserves to be produced in the future.
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PROBLEM STATEMENT
In 1956, M. King Hubbert, an American geologist, postulated that US oil reserves are
finite and he predicted that the oil productions would reach a maximum in the early 1970s.
Therefore, the total petroleum produced is the area under the production curve in Figure 1.

Figure 1: U.S. oil production since 1859.

Making use of the mathematical model and the real data of U.S. oil production, the goal of this
project is to estimate the quantity of undiscovered U.S. oil reserves to available to the oil
industry in America in the future.

MOTIVATION
Recently, society has become concerned about the lack of energy resources available to
supply the energy needs of large populations. Although renewable energy sources are more
environmentally friendly and appropriated to the long-term progress, fossil fuels still play an
essential role in most industries. Specifically in America, oil reserves are one of the most
important natural resources for the development of the energy industry, transportation, and
nearly all manufacturing industries. As petroleum reserves are a finite resource, the undiscovered
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oil reserves in the U.S. are a top priority to the American government, economists, and industrial
policy makers ((EIA), Crude Oil Production). With our calculations, we have determined the
undiscovered oil reserves of America are about 38 billion barrels, roughly enough for the oil
industry to continue at their current pace for ten more years.

MATHEMATICAL DESCRIPTION AND SOLUTION APPROACH
Since the production curve (Figure 1) has the shape of the graph of an exponential
function we fit a model of the form:
(1)
where

gives the annual production of oil (in thousands of barrels) in year , and

are

constants.
First, we simultaneously graph the model of the real data and the projected data
according to the model depending on the value of the four unknown constants. As each constant
plays a significant role in model, we change each constant step by step to attempt to find a good
fit for the data. Figure 2 shows the graph of the real data with the projected data we found to be
the best fit.
Subsequently, we use SOLVER, an Excel Tool, to minimize the differences of real data
by changing our estimated constants. The minimum deviation is calculated by the formula:
(2)
The determination of the constants
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and is addressed later in the Discussion section.
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Figure 2: Comparison of our model to the actual U.S. oil production from 1859 to 2010.

To find the year in which the model predicts the peak production of oil, we differentiate (1) to
obtain:
(3)
To find the extreme values of

we set

. From (3) we see

implies:
(4)

and
.

(5)

With the values of our constants (given in the Nomenclature table) (5) gives:
and

(thousand barrels).

(6)

Second, we integrate equation (1) to estimate the US petroleum that was once available.
Mathematically, integrating the production curve from

to

provides the total amount of

petroleum, including amount already recovered, known reserves and unknown reserves.
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We calculate:
(7)
and define:

.
Note that

(8)

so (7) becomes:
.

Therefore, we obtain the total US petroleum reserves consists of

(9)
thousand

barrels.
Third, we integrate equation (1) to obtain the total US petroleum that was produced up to
the end of 2006. Technically, we integrate the area from

to 2006 to provide the total amount

of recovered crude oil through 2006. This is given by:
(10)
So the total amount of recovered crude oil through 2006 is estimated to be
thousand barrels. However, the oil industry first began to extract crude oil in the year 1859 so for
a more realistic estimate we integrate the production curve from 1859 to 2006:
(11)
Finally, we subtract our value of US oil production from the total reserves to predict the
undiscovered US petroleum reserves:
(12)
At the end of 2006, the reported US oil reserves totaled

billion barrels ((EIA), U.S. Crude Oil,

Natural Gas, and Natural Gas Liquids Reserves.); our model prediction is roughly
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barrels, which is much higher than the reported number. We note that the undiscovered reserves
are an unknown quantity so it is quite difficult to evaluate the correct number. For example,
USGS predicted the mean conventional Oil Reserves by May, 2011 are

billion barrels (Figure

5, Appendix C
the oil reserves are about

billion barrels until 2035 (Figure 3).

Figure 3: Past and projected U.S. crude oil production by location.

DISCUSSION
As we have presented the general formula, the detailed equation with real constants will
be presented in Appendix B, and the value of the four constants is given in the Nomenclature
table. Not only do we try to have the best fit model by minimizing the standard deviation (3); we
claim our constants give the best fit for this formula because they yield the minimum summation
of the partial derivative with respect to each of the determined constants. (Detailed calculations
in Appendix B)
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First we define the residual at each data point

(see table 2 in the appendix):
(13)

Now the sum of the square of the residuals

is given by:
(14)

Differentiating with respect to

yields:

(15)

Differentiating with respect to

yields:

(16)

Differentiating with respect to

yields:

(17)

Lastly differentiating with respect to

yields:

(18)

We see in (15)-(18) the partial derivative with respect to each of our determined constants is
essentially zero, confirming the constants provide a good fit for the data.
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CONCLUSION AND RECOMMENDATIONS
The entirety of U.S. oil reserves is small enough that the oil industry must be concerned
about the most effective strategy to maintain the oil supply in the future. However, the total oil
reserves on the planet are predicted to be large enough for the development and needs of high
populations over the next several decades. As a result of the oil wells becoming dryer, everyone
should be informed about the scarcity of finite resources, especially petroleum in order to save
energy resources as much as possible. Saving the precious oil reserves not only aids the longlasting development of modern society, but also helps to protect the environment.
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NOMENCLATURE
Symbol

Description

Units

US oil production

Thousands of barrels/year

Time

Years

Constant

Thousands of barrels

Constant

-

Constant

-

Constant

-
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APPENDICES
APPENDIX A - TABLES

Table 1: Oil Production in the United States from 1859 to 2010.

https://digitalcommons.usf.edu/ujmm/vol4/iss2/1
DOI: http://dx.doi.org/10.5038/2326-3652.4.2.1

11

Luong: U.S. Oil Reserves and Peak Oil

12

Year
(

TRANG LUONG

US Oil
Production

Estimated
Production
(
)

Table 2: Comparision of the actual US oil production from 1859 to 2009 and the
modeled oil production with optimal parameters , , , and .
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APPENDIX B - CALCULATIONS
With

,

Thus the models derivative is:

Thus:
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APPENDIX C FIGURES

Figure 4: Mean conventional oil resources by location as of October 2007. (U.S. Geological Survey
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